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However, a number of experienced carotid surgeons
have adopted eversion endarterectomy as the proce-
dure of choice in anatomically suitable patients.2,3 The
advantage of the eversion technique is that an incision
on the internal carotid artery (ICA) is not required,
and therefore, the incidence of restenosis at that point
should be minimal. The disadvantages are that the dis-
tal end point may be more difficult to visualize and the
attachment of the external carotid artery (ECA) makes
removal of proximal carotid plaque difficult without
making an additional arteriotomy.
We reviewed our first year’s experience with ever-
sion endarterectomy to better understand the com-
parative failure modes of each procedure. We used
perioperative morbidity and restenosis at 1 year as
end points.
METHODS
We reviewed 274 consecutive patients who
underwent CE in 1998 with continuous 12-lead
Our obligation to patients undergoing a prophy-
lactic procedure requires us to perform the procedure
with the lowest short- and long-term morbidity rates.
There has been general agreement that the best way to
perform a carotid endarterectomy (CE) is with a lon-
gitudinal arteriotomy carried beyond the plaque both
proximally and distally, followed by liberal use of patch
angioplasty closure.1 The results of conventional CE
are so good that changing techniques and going
through an inevitable learning curve for questionable
benefit are unappealing to most vascular surgeons.
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Purpose: The purpose of this study was to examine the characteristics of residual and
recurrent lesions after eversion endarterectomy of the carotid artery (E-CE) and com-
pare these results with those following endarterectomy and patch closure (CE-P).
Methods: We reviewed 274 patients who underwent carotid endarterectomy in 1998 with
electroencephalographic monitoring, general anesthesia, completion duplex scan, and 1-
year follow-up. CE-P was preferred for patients who required temporary shunting. In
the E-CE group an additional proximal 2-cm arteriotomy was made in the common
carotid artery (CCA) in 79 patients, a longer arteriotomy was made for extensive
involvement of the CCA in 14 patients, and the internal carotid artery was advanced
proximally as a patch for the CCA arteriotomy closure in 14 patients. Stenoses of > 50%
that were present at 1 month were considered residual, and those of > 50% that were
present at 1 year but not at 1 month were considered recurrent.
Results: There were five (1.8%) postoperative strokes (four after CE-P and one after E-
CE, P = not significant). At 30 days there were 28 patients (10.2%) with residual
stenoses > 50% (11 patients [10.2%] in the E-CE group and 17 patients [10.1%] in the
CE-P group; P = not significant). The incidence of recurrent lesions of more than 50%
was similar (4.6% for E-CE vs 4.7% for CE-P).
Conclusion: The pattern of residual lesions and recurrent stenoses differs with each tech-
nique of endarterectomy. Proximal stenoses are more common after E-CE, and distal
stenoses are more common after CE-P at both 1 month and 1 year. The frequency of
proximal lesions is reduced in E-CE when either the internal carotid artery is advanced
proximally onto the CCA or a long CCA arteriotomy is made. Distal recurrences do not
seem to be a problem after eversion endarterectomy. (J Vasc Surg 2000;32:1052-61.)
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electroencephalographic monitoring, general anes-
thesia, and duplex scans at 1, 3, 6, and 12 months.
Operations were based on duplex scan results from
laboratories approved by the IACVL. Preoperative
arteriography was performed only when there was a
suspicion of arch vessel disease or the disease at the
carotid bifurcation could not be assessed. CE with a
Hemashield patch (CE-P) was performed in 167
patients, and eversion carotid endarterectomy (E-
CE) was performed in 107 patients. Operations
were performed by one of two surgeons (R.M.G.
#210, K.O. #64). Although the technique used
depended on the surgeon (#107 CE-E and #103
CE-P for R.M.G., #64 CE-P for K.O.), CE-P was
preferred for patients who required temporary
shunting, for those with high distal end points on
the ICA, and for those with extensive involvement
of the common carotid artery (CCA). In the E-CE
group the carotid bulb was transected obliquely,
leaving the carotid sinus nerves intact. The
endarterectomy plane was entered with a fine clamp,
and the plaque was removed until a distal end point
was clearly established under direct vision. Tacking
sutures were never used. The CCA was handled in
three ways, depending on the operative findings: an
additional proximal 2-cm longitudinal arteriotomy
was made in the CCA in 79 patients, a longer arte-
riotomy was made as necessary for more extensive
involvement of the CCA in 14 patients, and the
endarterectomized ICA was advanced proximally as
a patch for the CCA arteriotomy closure in 14
patients. The latter option was used when there was
redundancy in the ICA. Completion duplex scans
were performed in every case with an ATL HDI
3000 (Advanced Technologies Laboratories, Bothell,
Wash) with a small footprint and an intraoperative
linear array operating at frequencies of 5 to 10
MHz. Criteria for reopening the closure regardless
of operative technique were the presence of a flap or
debris more than 3 mm in length, significant resid-
ual plaque, peak systolic velocities (PSVs) greater
than 125 cm/s, or an occlusion of the ECA or ICA.
No patient left the operating room (OR) with any of
these findings.
All living patients had duplex scans at 1, 6, and
12 months after surgery in the same vascular labora-
tory that was accredited by IACVL. Outpatients
were scanned on either an ATL HDI 3000 with a
linear array probe with operating frequencies of 7-4
MHz and a Doppler scan frequency of 4.0 MHz or
an ATL Ultramark 9 with a linear array probe with
operating frequencies of 10-5 MHz and a Doppler
scan frequency of 6.0 MHz (Advanced Technologies
Laboratories). Stenoses were considered ≥ 50%
when the PSV was greater than 125 cm/s with loss
of the systolic window and marked spectral broad-
ening or an end-diastolic velocity (EDV) of more
than 100 cm/s. Those lesions with an EDV of more
than 140 cm/s were categorized as > 80% stenoses.
Stenoses of > 50% that were present at 1 month were
considered residual, and those of > 50% that were
present at 6 months or 1 year but not at 1 month
Fig 1. Ultrasound scan image of posterior ledge created by suture line closure after eversion endarterectomy.
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Fig 2. A, There is a large mobile flap of residual plaque after eversion recognized on 1-month duplex
scan. No progression of this lesion has occurred in 1 year of follow-up. B, This angiogram was done
because of common carotid flap detected on 1-month duplex scan. There is a circumferential ring of
media causing the duplex scan abnormalities. There has been no progression.
A
B
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were considered recurrent. Sonographers noted the
location of the recurrent lesion and categorized
lesions as distal when beyond the distal end point
and proximal when localized to the endarterec-
tomized vessel or the CCA.
χ2 Tables were used to compare the incidence of
residual and recurrent stenoses in the different treat-
ment arms of this study. Ultrasound scan data that
were obtained at the 1- and 12-month follow-up vis-
its were used.
RESULTS
Demographic variables. The indications for
operation and severity of disease were similar for each
group. Women comprised 41% of both groups. Sex
was not a predictor of residual or recurrent disease.
There was an increased need for temporary shunting
in the CE-P group (8% vs 25%, P < .005), which
influenced the choice of technique but was not asso-
ciated with any adverse event or subsequent stenosis.
Intraoperative revisions. There were two patients
in the E-CE group who required revision in the OR
and conversion to CE-P when completion duplex
scans identified unsatisfactory distal end points. An
intimal flap was found in one patient, and the arteri-
otomy over the distal end point was closed with a
Hemashield patch (Boston Scientific Corporation,
Natick, Mass). A kink from an inadequate ICA short-
ening was corrected in the other patient by advancing
the closure more proximally onto the CCA. Another
patient in the eversion group had a proximal residual
flap that was detected by the duplex scan and was
revised before the patient left the OR.
Postoperative morbidity. There were five
(1.8%) postoperative strokes (four after CE-P and
one after E-CE, P = not significant). No arteries
immediately occluded, and two patients were
returned to the OR because of bleeding. One
woman (0.3%) in the CE-P group died on the sec-
ond postoperative day of an intracranial hemor-
rhage. No lesion in the E-CE group progressed to
more than 80%, whereas four patients in the CE-P
group required reoperation in the first postoperative
year because of progression to more than 80%.
Residual stenoses. At 30 days there were 28
patients (10.2%) with > 50% stenosis at either the
proximal (19) or the distal (9) aspect of the
endarterectomy. No patient had evidence of a steno-
Fig 3. Angiogram performed 6 months after endarterectomy showing extensive proximal stenosis. This
was due to severe intimal hyperplasia in a previously and probably inadequately endarterectomized CCA.
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sis > 80% in this time period. There were 11 patients
(10.2%) in the E-CE group and 17 patients (10.1%)
in the CE-P group (P = not significant). No patient
had any neurologic impairment as a result of a resid-
ual stenosis in the immediate postoperative period or
the year of follow-up.
Proximal residual stenoses of > 50% occurred
after both techniques in similar frequencies (9.3% for
E-CE vs 5.3% for CE-P, P = .2). The incidence of
proximal residual stenoses in the E-CE group was
only 3.5% (1/28) when a CCA arteriotomy greater
than 2-cm was made and was closed either primarily
or with a patch of redundant ICA. Most (90%) of
the proximal residual lesions after E-CE occurred
when the CCA arteriotomy was limited to 2 cm. The
abnormality that caused the flow disturbance was a
posterior ridge in the carotid bulb from the suture
line (Fig 1) in four patients and a ledge of thickened
CCA media and intima in the other five (Fig 2).
Seven of the nine patients in the CE-P group who
had proximal residual stenoses had extensive preop-
erative involvement of the CCA and required long
arteriotomies proximal to the level of the omohyoid
muscle. Two of these seven patients required opera-
tive revision at 6 months when their stenoses pro-
gressed to > 80% (Fig 3). Persistent proximal athero-
mas and intimal hyperplasia were identified in both
patients. A common carotid ledge was responsible
for the residual lesion in the other two patients sim-
ilar to those seen after E-CE.
Residual stenoses at the distal end of the
endarterectomy were more common after CE-P (5%
vs 0.9%, P = .08). There was only one patient in the
E-CE group with a distal residual stenosis. Although
this patient’s intraoperative duplex scan image and
velocity measurements were normal (PSV of 64 and
EDV of 20), her 1-month duplex scan had a PSV of
145 and an EDV of 32. At 6 months, the velocities
had increased to 220 (PSV) and 60 (EDV), and an
arteriogram was performed that showed a ridge at
the distal extent of the endarterectomy (Fig 4).
Three of the eight patients in the CE-P group with
distal residual stenoses had kinks. No patient had
residual plaque. No patient with a distal residual
stenosis worsened during the year of follow-up.
Recurrent stenoses. The pattern of recurrent
lesions of more than 50% was different between the
two techniques although the incidence was similar
Fig 4. Angiogram 6 months after eversion endarterectomy revealing distal ledge. This was the only
abnormality at distal aspect of endarterectomy in E-CE group.
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(4.6% for E-CE vs 4.7% for CE-P). Recurrent lesions
after E-CE developed in five patients. All were
located in the proximal aspect of the endarterectomy
at the suture line in the carotid bulb (Fig 5). Seven of
the eight recurrences in the CE-P group were at the
distal aspect of the endarterectomy. One of these
patients required an operation after the lesion pro-
gressed to more than 80% (Fig 6). During the oper-
ation there was a severe stenosis at the distal end
point due to intimal hyperplasia. Another patient had
a proximal recurrence that exceeded 80% at 1 year.
This patient underwent reoperation, and the findings
were most consistent with a ledge at the proximal
aspect of the endarterectomy that accumulated layers
of thrombus and nearly occluded the vessel (Fig 7).
The total incidence of any stenosis at 1 year (residual
or recurrent) was 15% (41 of 267 operations). None
of these patients, including the four who underwent
operative revision, were symptomatic.
DISCUSSION
Although much is known about residual and
recurrent stenoses after CE with primary or patch clo-
sure, surprisingly little data are available on the loca-
tion and character of these lesions after eversion
endarterectomy. Clagett et al4 showed that most
recurrent lesions after CE were within the endarterec-
tomized segment; 65% were located in the distal
aspect of the artery and most were associated with a
long primary arteriotomy. O’Donnell et al5 recog-
nized that the earliest “recurrent lesions” involved the
CCA, a phenomenon now recognized as the retained
carotid step.6 Green et al7 identified operations below
the omohyoid or above the digastric muscle and the
use of shunt as important risk factors in “early recur-
rences.” These lesions proved to be clinically signifi-
cant (ie, produced symptoms) only when associated
with abnormal oculoplethysmographic measurements
and > 80% stenoses, by duplex scan criteria.
The EVEREST (EVERsion carotid Endarter-
ectomy versus Standard Trial) randomized 1353
patients between E-CE and CE and then divided the
CE into primary and patch closure.3 Recurrent
stenoses were defined as 50% diameter reductions
according to validated duplex ultrasound scan crite-
ria. Patients were followed up for a mean of 33
months. The incidence of restenosis was similar
between the patched CE and the E-CE, and both
were lower than CE closed primarily (1.5% vs 3.3%
vs 7.9%). Because the study design did not allow
separation of patch and primary CE closures, the sta-
tistical conclusion that E-CE was associated with a
lower incidence of recurrence than CE is somewhat
misleading. This study did not define the nature of
the 55 recurrent lesions identified.
The current study defines different patterns of
residual and recurrent stenoses after two accepted
and probably equivalent techniques for CE, with
stroke and death as end points.1-3 The results indi-
cate that eversion endarterectomy with intraopera-
Fig 5. Ultrasound scan image showing proximal recurrence after eversion endarterectomy at site of the
posterior suture line in bulb. None of these required reoperation.
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tive duplex scan imaging provides near perfect con-
trol of the distal end point up to 1 year after surgery.
Although this conclusion might be challenged by
the limited follow-up, Mattos et al8 found that 96%
of patients with recurrent carotid stenoses have a
stenosis detected within 15 months of operation.
Furthermore, the significant incidence of distal
lesions (17/167 [10%]) during this follow-up
period compared with E-CE (1/107 [0.9%]) sug-
gests that the latter technique may be superior at the
distal extent of the procedure. This conclusion must
be tempered by the selection bias that is obvious in
this study. Patients with high distal end points were
usually treated with conventional endarterectomy
and patch closure by both surgeons. Although distal
recurrences were not necessarily associated with this
intraoperative circumstance, a stronger conclusion
about end point control is not justified in this non-
randomized study.
There was a disappointingly high incidence of
proximal residual and recurrent lesions after E-CE.
Proximal lesions after CE-P (10/167 [5.9%]) were
largely the result of extensive preoperative involve-
ment of the CCA. On the other hand, proximal
lesions after E-CE (15/107 [14%]) occurred when
there was not sufficient length of ICA to use as a
patch for closure of the CCA arteriotomy, the poste-
rior suture line in the carotid bulb caused a stenosis,
or the length of the arteriotomy was inadequate and a
satisfactory proximal end point was never achieved. In
any case, most proximal lesions after E-CE were tech-
nical failures or a lack of recognition of proximal dis-
ease in the OR. This failure might have been reduced
with a more liberal use of preoperative arteriography
and a more complete dissection of the CCA.
An argument can be made that the threshold for
recurrence was set too low in this series and that the
lesions detected were clinically unimportant.
Certainly, the criteria for recurrence vary from study
to study. Mansour et al9 used 250 cm/s as the
threshold velocity, and had we used these values,
only the four patients who underwent reoperation
would have qualified as having recurrent lesions.
Others have challenged the validity of any duplex
scan surveillance as being of no benefit unless the
patient has contralateral disease.10 Although we
would agree that most lesions we identified are of no
clinical significance, we would emphasize that these
procedures require technical perfection, and under-
standing the patterns of recurrence may lead to
improvements with direct patient benefit.
It concerns us that the incidence of residual
lesions is as high because no patient left the OR with
a significant abnormality on duplex scan. This is par-
ticularly true in the E-CE patients when the entire
vessel can be easily insonated. The patched vessel is
more difficult to evaluate because of the prosthetic
material. We think that the failure to identify proxi-
mal residual disease with both techniques is related to
difficulty in using the small footprint ATL probe
unless the artery is dissected from surrounding tis-
sues. We now recommend extending the proximal
Fig 6. Angiogram showing severe recurrent distal stenosis after patch closure. This patient was found
at reoperation to have a stenosis due to intimal hyperplasia just beyond the patch.
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dissection to facilitate duplex scan examination to
ensure that the proximal endarterectomy is adequate.
We think that familiarity with both techniques is
important. Neither one is superior in every instance.
CE-P is preferable when a shunt is required. E-CE
appears to be ideal when the ICA has enough redun-
dancy to allow for an extended closure of the CCA
arteriotomy. In any case, sufficient exposure and
removal of proximal disease are important in obtain-
ing a technically perfect result. 
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Fig 7. Angiogram showing recurrent proximal stenosis after CE-P. At operation, thrombus was iden-
tified on previously endarterectomized surface just distal to intimal hyperplastic lesion in distal CCA.
DISCUSSION
Dr Dhiraj M. Shah (Albany, NY). Good morning,
President O’Donnell, Dr Darling, members and guests.
It was my pleasure to review this manuscript, which
was sent to us in advance, and I congratulate Dr Green
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and his colleagues for excellent results and bringing to our
attention some of the points of the eversion technique. 
At the same time, I admire them taking up on another
technique when they had almost perfect results from stan-
dard carotid endarterectomy. It showed their surgically
inquisitive minds. 
The problem with the eversion technique, as they have
mentioned, and I agree with most of them, is related to the
technique. Although much has been said about the distal
end point control in eversion technique, very little has been
said for the proximal end of the procedure, and in that
regard I am glad that they brought out those points. 
In our experience over 8 years and some 4000 ever-
sion techniques, we learned over time that we are slow
learners and that proximal extent of the disease and con-
trol are as important as the distal extent and control of the
disease. The bottom line is that you must remove all the
atheromatous plaque to have an acceptable, durable result.
If you leave plaque, either distally or proximally, and try to
attack it or control it by any other method, it produces
long-term unacceptable results. 
We had several reiterations during our experience for
this eversion technique, and one of the reiterations or
modifications of the technique is dividing the internal
carotid artery at the bulb more obliquely. As time went
along and we saw this residual or leftover disease in the
common carotid artery, we have made a bigger and bigger
incision and incised the bulb more and more at the base of
the common carotid artery. At the junction of the internal
carotid artery, our incision is almost longitudinal to the
common carotid artery nowadays, taking a bigger and big-
ger patch. Then you have a big hole in the common
carotid artery, and you can remove the proximal plaque by
direct extension, extension of the incision, and also immo-
bilization and partial eversion of the common carotid
artery, and then close it with the patch. Basically, we do
endarterectomy in all of the common, external, and inter-
nal carotid arteries, so that the suture line is in the adven-
titia and nowhere in the atheromatous plaque area. 
Did you routinely perform endarterectomy of the
common and external carotid arteries although, seem-
ingly, there is no disease? 
In the process of the learning curve, most of this resid-
ual stenosis, which is the point of discussion here, is this in
the earlier part of your experience, or it is throughout? 
Have you looked at the external carotid artery
patency? There is controversy. Some suggest it is not
important; others suggest it should be preserved. Our
experience is to preserve the external carotid patency, and
we tried to clean it out as much as we can. 
You said use of the shunt was a basis for choice of the
technique. Did you try using the shunt for the eversion
technique? Was it that difficult? We did not find it that
way. As a matter of fact, it may sometimes facilitate the dis-
tal completion of endarterectomy because shunt acts as an
axis on which to evert the artery. 
Other subtle points that made a difference for us are that
we did look into the duration of the surgery, duration of the
cross-clamp time, and a perceived feeling of ease with this
technique versus standard technique among our colleagues.
That made a lot of difference for acceptance of this technique.
Again, it’s a nice paper, and I’d like to thank the audi-
ence for their attention. 
Dr Richard M. Green. Thank you, Dhiraj, for your
comments. I think the points that you’ve made are
absolutely in keeping with our experience. Recognition of
our proximal failures came early in our experience, and we
are much more aggressive with the common carotid artery
now, as you are, and have gone to almost a longitudinal
incision to get this accomplished. 
If we’ve lost an external carotid, we will always open
it. We’d never leave it occluded. I think it’s important.
And I think each of us has seen jaw claudication when
we’ve left an occlusion. 
The reason I don’t like to do eversion when I have to
use a shunt is that the plaque should be removed before
the shunt goes in. And although it’s probably not relevant,
I am a time fanatic on this operation. We have done ever-
sions with shunts, but it’s not my preference. 
I don’t think there is much difference in time with
these two operations. But I will say that when you’re
done, the aesthetic appearance of the everted artery is
really quite beautiful. It’s a simple operation, and it’s all
natural. It makes a lot of sense. I’m convinced it’s the way
to go here. It’s the “keep it simple” principle.
Dr John J. Ricotta (Stony Brook, NY). Dick, that was
a very nice presentation. I have a couple of questions for
you on the patch issue. 
First, how often do you plicate? You had three of your
patients where distal end points were kinks. Do you think
that there was a redundancy when you were finished that
you didn’t recognize and you didn’t plicate the artery? 
The second question is, how big a patch do you use? Do
you use the Dacron patch? When I’ve used Dacron, I tend
to see those recurrent stenoses that you’re talking about
where the area where the patch is quite bulbous. Then, there
is either debris within that area, perhaps because you’ve left
a residual small aneurysm, if you will, or there is debris prox-
imal or distal to that. Do you measure the diameter of the
patch that you put in? Do you do anything to try to be sure
that you’re not putting too big a patch in, much as Joe
Archie has talked about in terms of reconstituting that area? 
The third comment is you indicated that in your expe-
rience distal end points were not a problem with the ever-
sion. You selected people that didn’t have high lesions, so
you would have expected the distal end point to be more
of a problem in patching, since it sounded like by your
preference the people with the more extensive distal disease
got the patch rather than the eversion. I think that’s what
I understood. I’d like you to comment on those things.
I enjoyed the paper very much.
Dr Green. We would never plicate an artery that we
would patch. We would take the redundancy out by evert-
ing it. And I think the kinked lesions were early in our
experience in arteries that should have been everted as
opposed to treated in a regular fashion.
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When we patch, we use the Hemashield patch. We
take it out of the package and cut about a third of it off for
the diameter. We don’t make any specific measurements.
There are times that it’s very bulbous compared with the
distal internal carotid artery, and I suspect that is the cause
of those high velocities that we’re seeing. 
Dr Thomas S. Riles (New York, NY). I compliment
the paper, too. I also think it’s a good idea to be familiar
with the eversion technique, and I agree with your con-
clusion that you’re better off to have a multitude of
approaches to do carotid surgeries. It’s very helpful in
many cases to be able to switch back and forth from one
to the other. I might just add that with cervical block anes-
thesia, since we rarely have to shunt those people, it’s actu-
ally particularly attractive in that kind of a patient. 
My questions really pertain to more of the business
about the intraoperative duplex scans. Since I was so
ashamed of not doing this, I’m curious to know how many
of the arteries you actually did reopen for one reason or
another as a result of the duplex scan? Has this decreased as
your experience has gone on? Have you altered the tech-
nique because of your observations of what you’ve learned
so that it becomes less frequent to have to open the arteries? 
And then also, can you explain why, in spite of this, the
operative stroke rate, which was quite good at 1.8% but of
more concern was the residual stenosis rate of 10%, still
exists in spite of intraoperative ultrasounds? 
Dr Green. That is something that’s really troubled me,
Tom, and I don’t have a specific answer except as follows.
When you’re using intraoperative duplex scan, even if you
use the small footprint ATL machine, you are really lim-
ited, if you use a patch, by the patch, because you really
can’t insonate the artery where the patch is. So you’re
always struggling to see the distal end point. And I’m con-
vinced we rarely do. 
When you do an eversion endarterectomy, you see the
entire thing with the duplex scan, because there’s no pros-
thetic material there. You do see the end point. So I
believe the difference distally is the fact that we are able to
evaluate our end points better with the technology. 
Proximally, with that same probe, unless you dissect
out a good length of common carotid artery, you’re not
going to see residual disease. And I think that our failure
to pick up the cases in these 10% of our cases relates to our
less than adequate dissection proximally. So we are now
doing more dissection to see more at the end of the case,
and I think that that will result in less residual disease. Ten
percent is too high; I agree with you. 
Dr Ali F. AbuRahma (Charleston, WVa). I don’t have
a question, but I have a comment for the audience. I was
invited to a conference in a country called Dubai, on the
Persian Gulf, and during this meeting Professor Dieter
Raithel from Germany presented his experience regarding
eversion carotid endarterectomies in close to 9000
patients using that technique with a perioperative stroke
rate of approximately 1%. With that large number, I won-
der whether our colleagues in North America are some-
what underestimating the value of this technique. 
Dr Green. I might comment. Dr Raithel has had an
incredible experience, as has Dr Kieffer, but you must real-
ize that the Albany group’s experience almost equals that,
and it’s really gone unrecognized, at least in this country. 
